Some new conducting solids of the general formula ZxM(C3Ss)2 and its selenium analogs (where: Z = BujN, Na, Li, NH4; M = Ni, Pd, Pt etc.; 0 < x < 1) were prepared and studied.
and selenium analogs, where Z = BU4N, Na, Li, NH4 and x < 1, are described. The new compounds were prepared from Z2M(C3S5)2 [1] , [2] * or from ZM(C3S5)2 (Z = BU4N, Na, or Li) [l]- [3] and selenium analogs [1] by the following methods.
Method A. Tetracyanoethylene [TCEN] (0.2 mmol) in aceton (50 ml) was added dropwise to a solution of ZM(C3S5)2 (or selenium analog) (0.1 mmol) in aceton (200 ml). In a few minutes a black precipitate was obtained which was filtrated, washed with aceton and air dried.
Method B.
This was similar to A except that tetracyanocinodimethane (TCNQ) instead of TCEN was used as an oxidizing agent.
Method C. This a similar to A except that a 2% solution of Br2 in CC14 was used as oxidizing agent and CH2CI2 as solvent for ZM(C3S5)2.
* Some compounds reported in [2] were mixtures of (Bu4N)2M(C3S5)2 and (Bu4N)M(C3S5)2. 0340-5087/82/0700-0825/3 01.00/0 Method D. A concentrated solution of ZM(C3Ss)2 in CH2CI2 was electrolized in a H-cell with Pt electrodes and the potential selected to give a current of 10-20 //A. The potential was 2-10 V depending on the concentration of electrolyte for a given apparatus. After a few days a deposit consisting of small black crystals and/or a black crystalline powder was precipitated in the anode.
Method E.
Single crystals of ZM(C3Sö)2 were treated with a dilute (~-0.5%) aqueous bromine solution. During this treatment a turbid solution (like a cloud) appeared around each crystal. This is due to the high concentration of ZBr around the crystal because of the selective reaction of Br2 with Z of the crystal. After this treatment followed by aceton washing and air drying the remaining crystals had the same shape as that before the treatment.
Method F.
Compounds ZM(C3Sö)2 were recrystallized slowly by exposing in air a solution of ZM(C3Sö)2 in water-aceton (0.2%). The crystals obtained after a few weeks were black in colour and needle-shaped.
All methods described above gave compounds insoluble in CH2CI2 and aceton. They are cationdeficient compounds with the general formula Z^M(C3S5)2 0 <£<^1). Table I gives as an example the elemental analysis data of (Bu4N)a;Ni(C3S5)2 for several samples made by methods described above.
One can see that all methods gave a cation-deficient compound with 0.1 <x < 0.25. Similar results have been obtained for Na^Ni(C3S5)2, (Bu4N),Pt(C3S5)2, (Bu4N).rPd(C3S5)2, (Bu4N)zNi(C3Se5)2, Conductivity measurements on polycrystalline pellets or on single crystals showed that the new compounds with M = Ni, Pd or Pt have a dc-conductivity of 10 _2 -1 i2 _1 cm _1 , while compounds with M = Co, Cu, Zn have lower dc-conductivity. Some crystals of ZXM(C3S 5 )2 obtained from ZM(C3S 5 )2 by method E show conductivity in all dimensions. In other words they are three-dimensional conductors. A polymer with a similar structure prepared by Rivera et al. [4] was found to have a dc-conductivity of ca. 30ß _1 cm _1 . Powders or single crystals of ZM(C3Ss)2 were found to be insolators or semiconductors at room temperature and they are becoming conductors in presence of I2 or Br2 vapours. Their conductivity can be varied over eight orders of magnitude in presence of halogens. The process is reversible and the crystals are transformed again to insulators after air-exposure. This means that Z remains inside the crystal in presence of halogen vapour. Contrary, in the case of treatment with an aqueous halogen solution, a part of Z preferentially that of the surface of ZM(C3S5)2 is driven off and the remaining solid is a mixture of ZJV1(C3S5)2 and ZM(C3S5)2. Washing with acetone and/or dichloromethane one can isolate the insoluble product ZtM(C3S5)2, which is a conductor.
The properties of the cation-deficient complexes described above are related to the properties of the corresponding cation-deficient salts of the ligand [1] , [3] . We found that Z 2 (C 3 S 5 ) (where Z = Bu4N [1] or Na [3] ), which are the starting materials for the preparation of the complexes, can be oxidized by methods similar of the methods A-F to give Z^(C 3 SÖ) (where 0 < x < 1) in a powder (see also [3] ) or in a single crystal form. A large number of samples of the tetrabutylammonium salt of 2-thioxo-1.3-dithiol-4.5-dithiolate (:dimercaptodithiolate) and selenium analog [1] was found to be (Bu4N):r(C3S5) and (Bu4N)x(C3Se5) with x <^2. The compounds Z^C^s) and Zz(C3Se5), where £~0, are yellow or brown solids, insoluble in acetone and becoming red or redbrown solids after treatment with BU4NOH or NH4OH. The reaction is complete in presence of a reducing agent or weakly basic solvents. The solids were found to be (Bu4N);e(C3S5), (NH4).t;(C3S5) and selenium analogs (with x < 2). They gave (Bu4N)zNi(C3S 5 )2, (NH4)^Ni(C3S 5 )2 and selenium analogs after treatment with NiC^. Same method was used to prepare some other compounds of the type (NH4)JV1(C3S5)2. The elemental analysis data of yellow-brown solids (see also [3] and [5] ) are fitted better to the formula Zj(C3S5) with than to other formules [3, 5] . The described properties indicate that the yellow or brown powders Z^(C3S5), the black crystals or powders ZxM(C3Ss) and selenium analogs with have a 1,2-dithietene [6-8] and 1,2-diselietene structure, respectively. From a large number of samples of Z Z M(C 3 Sö)2 and Z*M(C3Se 5 )2 compounds studied it was found that the best conductors are those having independently of the nature of the cation Z. In a series of analogous compounds with maleonitriledithiolane (mnt) as a ligand it was found by others [9] that conductors were those having a small cation, such as Li, and x -0.75. Attempts to prepare ZxM(nmt)2 (with a*<^0.75) by oxidation or to dope ZM(mnt)2 with halogens were unsuccessful. This difficulty is related to the unstability of ZoM(mnt)2 [10] and Zo(mnt) [6] . However, method D gave conducting deposits ZxM(nmt)2. Further work concerning crystal structure, conductivity measurements and optical properties of new solids will be the subject of a future-paper.
The author wishes to thank Dr. D. Martakos and Mr. G. S. V. Coles for conductivity measurements.
